Abstract -The enantioselective total syntheses of (-)(E)ybisabolene-8,9-epoxide, (+) (2S,6R)-2-bromo-13-chamigrene, and (+)-chamigrene, important intermediates in the biosynthesis of natural sesquiterpenoids isolated from algae of the genus Laurencia, are described. The compounds are synthesized with regio ñd stereocontrol by using simple forms of bridged intermediates. This represents a general strategy for the enantioselective construction of spirol5.5lundecane systems containing a chiral quaternary center. Our recent current progress towards the synthesis of the biologically active C25 tetronic acids isolated from sponges of the genus Ircinia is also described.
INTRODUCTION
Among the halogenated marine natural products, the largest and most varied The approach to the synthesis of polycyclic systems with terpenoid stereochemistry and substitution, by acid-catalyzed cyclization of appropriate polyolefinic substrates, provides not only non-enzymic analogies that mimic biosynthetic processes but also practical synthetic procedures for the stereoselective generation of fused carbocyclic systems. 
4--k
It is not our intention to enter into a discussion as to which of the two possible biogenetic pathways is the one that probably occurs in the marine environment, nor do we wish the results of the synthesis reported here to be interpreted in favour of either. Our synthesis was inspired by the biogenetic option shown in pathway b, for the purely synthetic reason that we would be carrying out an enantioselective synthesis through enantiocontrolled bromination, in accordance with Scheme 2, which would allow differentiated syntheses to be carried out on bromochamigrenes with the absolute configuration of their chiral centers identical with that of those isolated from the natural marine medium.
The structures of I and II suggested to us a synthesis in which all four chiral centers could be introduced stereospecifically by cyclization of the common diene (Scheme 3), in which the absolute configuration at C8 and C9 would uniquely determine the remaining two stereocenters. is , in which the dienic chain is swung across the front face of the cyclohexane ring, rather than the back face. It would be necessary to control the folding of the rapidly coiling side chain in such a way that the desired site was particularly available for reaction. To achieve enantioselectivity, it is necessary to selectively destabilize one of these two transition states.
In the absence of overriding competing steric hindrance, access to closure should be largely restricted to the more convex sides which control the stereochemistry of ring junction. Following a parallel sequence, the (Z)- 
SYNTHESIS OF (-) (E)-y-BISABOLENE-8,9-EPOXIDE
We have recently (Ref. The remarkable biological activities of tetronic acid sesterterpenes make them attractive targets for synthesis. Our strategy for total syntheses of these compounds envisions completion of the C25 skeleton from independent syntheses and connection of the A-D synthons (Scheme 7) permitting a differentiated synthesis of the compounds by means of a common synthetic strategy. The target molecules in these preliminary synthetic studies were the antibiotics variabilin (27) (Ref. 42 ) and strobilinin () (Ref. 43 ) that present moreover the unsolve'structural problem of the stereochemistry of their double bonds (Scheme 6).
Synthetic approaches to 4-ylidene-tetronic acids Several methods of preparation of c,13-butenolide and tetronic acid moieties have recently been published (Ref. [44] [45] [46] [47] [48] . For the synthesis of the target 3-methyl-4-methoxy-5H-furan-2-one () we have followed the previously described method of rearrangements of the appropriate -keto esters (Ref. 49) with the modifications and yields indicated in Scheme 8, followed by methylation with dimethyl sulphate in base to give 3 (Ref. 50 ). Directed inetallations of 0-alkyl tetnonic acids with lithium diisopropylamide (LDA) in tetrahydnofunan (THF) followed by treatment at -78°C with ketones in THF and dehydration proved to be a preparatively useful procedure for the synthesis of the corresponding a-substituted 0-methyl tetronic acids (Ref. 58, 59 ). Reaction of with LDA at -78°C in THF-HMPT followed by addition of D20 gave 0-methyl 5-deuteniotetronate in 82% yield, hence anion 3, was formed and reacted at C-S in the fashion required. The reaction of with isobutyraldehyde gave as a mixture of threo-and erythro-isomers in 70% yield, which were separated by fractional crystallizatiö. Both compounds were independently converted into the same elimination product in high yield (9O%) throuqh their corresponding tosyl-denivatives followed by base treatment with 1.5-diazobicyclo 4.3.Olnonene (DBN) at r.t. in ether or THF. The structure for the single elimination product is tentative with respect to the stereochemistry of the double bond introduced, but it seems to be the most probable on the basis of similar previously reported studies (Ref. 60 ).
Br
The appropriate aldehyde for our synthetic study () was prepared from the a-methylacrylaldehyde () by condensation with p-toluenesulfinic acid (u), Until now only timid attempts have been made to interconnect the prepared intermediates and the yields obtained have not been optimized. Despite the extensive literature available, the final synthetic result put forward here will depend on how the alkylations proposed for the already prepared synthons develop in our hands. .. 20. Satisfactory IR, HNMR, CNMR and mass spectral data were obtained for each synthetic intermediate by using purified and chromatographically homogeneous samples. All chemical reactions were conducted under an inert atmosphere. 21. The acid 16 (R=Ac) was recovered quantitatively from the salt by treatment with 6N hydrochloric acid in ether, washing with a small amount of saturated Na2SO4, and evaporation of ether.
